Neurotrophic factors such as the nerve growth factor (NGF) are known to be essential for the survival and differentiation of sympathetic and sensory neurons.
Decrease in availability of neurotrophic factors is considered to cause dysfunction of the nervous system, resulting in various nerve diseases including senile dementia such as Alzheimer's1) and Parkinson's2) diseases.
On the other hand, up-regulation of neurotorophic factors was observed in patients with intractable temporal lobe epilepsy3) and after excitotoxicity in a rat model of The producing strain identified as Streptomyces sp. TA-(incubator bottles) each containing 70ml of the producing medium. The fermentation broth (35 liters) was centrifuged and the mycelial cake was extracted with acetone.
After separation and purification of the active principles from the acetone extracts, indocarbazostatin14) (1) and indocarbazostatin B (2) were isolated ( Fig. 1) . Details of the isolation, physico-chemical properties and structure elucidation are reported in the following paper.15) In the present paper we describe details of the taxonomy and the fermentation conditions of the producing organism, and the biological activities of these compounds.
Material and Methods

Chemicals
Indolocarbazole antibiotics, K-252a, K-252b and staurosporine, were purchased from CosmoBio Inc.
Taxonomic Studies
The producing strain, TA-0403, was isolated from a soil sample collected at Aki-gun, Kochi Prefecture, Japan. Cultural and physiological characteristics were determined by the methods of SHIRLING and GOTTLIEB.16) Carbohydrate utilization was investigated as described by PRIDHAM and GOTTLIEB.17) Morphological characteristics were observed with a scanning electron microscope (Model S-2500, Hitachi). The isomer of diaminopimeric acid was analyzed by the method of STANECK and ROBERTS.18) Menaquinones were analyzed by HPLC and mass spectrometry as (1) 
Results
Screening
We screened for natural substances that regulate differentiation of rat pheochromocytoma PC12 cells. (Fig. 2) .
The physiological and carbohydrate utilization characteristics are shown in Table 2 . Analysis of the wholecell hydrolysate of the strain showed the presence of LL-diaminopimelic acid. The predominant menaquinone was MK-9 (H8) and a small amount of MK-9 (H6) was also present. Based on these characteristics, strain TA-0403 belongs to the genus Streptomyces. This strain has been deposited in the National Institute of Bioscience and Human-Technology, Agency of Industrial Science and The two new compounds, indocarbazostatin (1) and indocarbazostatin B (2) were isolated as described in the following paper.15) The compounds 1 and 2 inhibited NGFinduced neurite outgrowth from PC12 cells at 6nM and 24nM, respectively, whereas K-252a inhibited at 194nM under our assay conditions (Table 3) . K-252b did not show any observed activity at 194nM but exhibited cytotoxicity at 388nM under the microscopic observation. Cytotoxicities of 1 and K-252a were measured by the MTT method20) and Calcein/AM method.21) Neither inhibitor showed any trace of cytotoxicity at their minimal effective concentration. However, K-252a showed complete cytotoxicity at the concentration three times higher than the minimal effective concentration, whereas 1 showed only approximately 60% of cells had injury at the concentration ten times higher than the minimal effective concentration (Table 4) . K-252a showed cytotoxicity, which was evaluated with incorporation of [3H] thymidine into PC12 cells, at a concentration three times higher than the minimal effective concentration as shown in Fig. 3B . However, 1 did not show obvious cytotoxicity at a concentration nine times higher than the minimal effective concentration (Fig. 3A) . The IC50 values for PKC were 2.0nM for 1, 8.5nM for 2, 35nM
for K-252a, 1200nM for K-252b and 1.2nM for staurosporine under our assay conditions (Table 5 ). This activity could not be observed for K-252b at 197nM but cytotoxic activity was seen at 388nM (data not shown).
Discussion
K-252a also showed cytotoxicity at 388nM under our assay conditions. Both inhibitors 1 and 2 showed cytotoxicity at 97nM. Selective activity of 1 against the cellular action of NGF was also demonstrated by comparing the cytotoxic data of these compounds by the MTT and Calcein/AM methods as shown in Table 4 and growth inhibition monitored with the incorporation of [3H] thymidine into PC12 cells (Fig. 3A and B) . Among these indolocarbazole inhibitors, the order of activity was 1>2>K-252a>K-252b, although K-252b did not show obvious inhibitory activity on neurite outgrowth from PC12 cells under our assay conditions (Table 3) . Several indolocarbazole-type antibiotics, including staurosporine, show inhibitory activity against PKC. We, therefore, carried out the kinase assay, and the order of inhibitory activity against PKC was compounds ( Table 5 ). The strongest inhibitor among these alkaloids is staurosporine (IC50: 1.2nM), which is comparable to 1 (IC50: 2.0nM). However, staurosporine induces neurite outgrowth in PC 12 cells at nanomolar concentration in contrast to 1. RASOULY et al. concluded Table 3 . Effects of indocarbazostatin (1), indocarbazostatin B (2) and K-252a on NGF-induced neurite outgrowth from PC12 cells. 
